Transportation is an important part of campus life. The need to study the male-female differences in the choice of walking is essential in calibrating a robust travel demand model of the university environment. Subsequently, there is a need for a novel approach in the trip pattern of the university environment. This study assessed the spatio-temporal commuting pattern in three universities in Nigeria, with a special focus on gender. Information sheets (n = 1500) were distributed to three categories of university in Southwestern Nigeria: private university, State government-owned university, Federal government university. This was backed up with focus group discussions in the selected schools. We assessed the frequency of trips, trip distance, trip pattern, gender and the modal split of the respondents. Results showed that the female gender accounted for the highest frequency of trips, but the lowest frequency of long-distance trips. The results also revealed that distance, time, travel cost, comfortability and accessibility had a positive influence on the volume of trips. Pearson's Correlation of the variables was done and the Pearson's r value for distance was 0.844 and time, 0.77. The results showed a strong positive correlation for gender, as compared to the other variables, affecting trip-making. The research showed that gender difference influences the choice of mode and frequency of trips, which are essential variables in travel demand models.
INTRODUCTION

Motivation
In Nigeria and other developing countries, pedestrian facilities are not usually provided, especially for Trunk C roads, which institutional roads are often categorized as; however, going by the population of undergraduates in Nigeria (Table 1 ) [1] , there is a need for a green and novel approach in the trip pattern of this group, for effective transportation planning. Several studies have worked on the trip pattern in the university environment, but a dearth of literature exists on gender differences in the travel behaviour of students in the university environment. The need to study the male-female differences in the choice of trip pattern in the university environment, for effective transportation planning, spurred this research.
Introduction
Assessment of travel demand is necessary for forecasting trip generation within cities. Owolabi [2] stated that the travel demand forecasting process is a fundamental operation within any urban transport planning exercise. Years ago, not as many means of transportation existed around university communities. Students were limited to walking from their hostels to their respective classes, and only a few had the opportunity to own personal cars. Globally, in recent years, walking behaviour for school trips has been a subject of debate within developed countries; however, much remains to be learned about this in developing Number of university students 1,700,000 countries, as asserted by Hatamzadeh [3] . Additionally, there has been an increase in the volume of motorized trips, which have affected the rate of physical activity and similarly, led to health issues [4] - [6] . Based on this, there is a need to promote active transportation to school, especially for students confined to the four walls of the university environment. Studying travel behaviour and trip patterns in the university environment is necessary, because universities are trip attractors that may take a pronounced amount of structure to support a huge number of commuters [7] . Also, the promotion of transit and active travel agrees with institutional sustainability aims [8] . Campus transportation concerns have become a noticeable subject for research outlines in several countries [9] - [15] . Additionally, university towns are known to support mixed land-use characteristics, whereby amenities are located near the main campus. Consequently, Khattak et al. [11] highlighted that most university communities represent a suitable environment that is alternative-mode friendly, with higher density and mixed land use; however, this is not the case with most universities in Nigeria, as these institutions lack basic transportation facilities. Moreover, it seems likely that travel behaviours are differences among male and female students. The reasons behind male-female differences in choosing the mode of transportation have not been well established for African countries, but have been researched in some developing countries [16] - [18] ; although work has been carried out on the under-representation of female students in tertiary institutions [19] , [20] .
Developing a better understanding of the travel behaviour of students can help to generate valuable information about the factors that sustain the habit of using active transportation. Based on new evidence, active transportation to school reduces the risk of obesity [4] - [6] . Developing a culture of sustainability within the university setting, through both education and by providing programs and infrastructure to support sustainable travel behaviour, is essential for transportation planning within the university environment.
Previous research on gender differences in travel behavior by Boarnet and Hsu [21] used various theoretical perspectives. This could be broadly classified into clusters, such as theories of internalized gender differences, theories of gendered structural contexts, and theories of socially constructed gender differences; which are used to explain gender differences in travel behavior [21] . Many studies on trips to school have found that girls are less likely to walk than boys [22] - [24] . Nigeria is a developing country with a high undergraduate population (Table 1) ; however, most of the universities lack the necessary transportation facilities to accommodate the increase in the student population. This study aims at assessing the spatio-temporal commuting pattern, with a special focus on gender differences within the university environment. This will help in the calibration of a robust travel demand model, for the proper planning of university transportation systems.
METHODOLOGY
2.1 Description of the study area Three universities in Southwestern Nigeria fall under the purview of this study [25] . The Federal University studied remains one of the most competitive in the country, with admissions of approximately 45,000 students, as of 2010. The state government owns the second university: it caters to a population of over 61,000 students enrolled in full-time and part-time programmes at the diplomate, undergraduate and postgraduate levels. The third category is represented by a private Christian university, a member of the association of commonwealth universities. These three universities are in Southwestern Nigeria, according to the map of Nigeria [26] .
Strategy for data collection
We distributed 1500 information forms to the students in the three categories of university studied in Southwestern Nigeria (one university from each category). This was done to capture all income classes within the study area. It is normal to believe that high-income earners' children attend the third category of university, private university. The methodology used in this research was based on the work of Tolley [27] . The parameters were captured in the detailed information form that we used in this research. We used SPSS version 21 in coming up with a Pearson's model for the analysis of the data.
RESULTS AND DISCUSSION
The distribution between gender and preferred mode of transport
Our research results showed that based on gender, using the shuttle and walking were the most predominant mode of transportation in the three universities considered (Fig. 1) . Comparative assessment of the two prominent modes showed that the male gender preferred the use of walking, while the female gender preferred the use of the shuttle for an intracampus trip (Fig. 1) . The choice of walking may be as a result of the compactness of the university environment, as suggested by Busari et al. [25] . Based on this, the provision of pedestrian facilities in a university environment will further encourage students to embark on walking, as this has a lot of advantages over other modes of transportation [27] - [30] ; however, the use of a bicycle is high among the male respondents. Based on the focus group discussion, some of the male respondents would have preferred the use of the bicycle for intra-campus trips, but there are no transportation facilities set up for it.
Relationship between trip time and modal choice of university staff and students
In Table 2 , we show that for most of the trips (short and long distance) of the teaching staff, the choice of private car is preferred; however, the shuttle is the most predominant mode for non-teaching staff. This may be a result of the fact that most teaching staff are categorized as high-income earners, as compared to non-teaching staff. A positive relationship has been established between income and car ownership [25] . This to a very large extent affected the modal difference between the two groups.
Considering the modal split of the students, most of the first-and second-year students adopt the use of walking for most trips; however, the choice to walk reduces as the level increases. The non-vehicle owning group exhibits a higher tendency to walk than the vehicleowning group. 
Spatio-temporal commuting pattern
A trip to class is regarded as a compulsory trip for students. The majority of the female respondents, 36.7%, chose the travel time between their halls of residence/apartment to school as being 5-10 minutes. This may be the factor responsible for the choice of to walk, as shown in Fig. 1 ; however, those of male gender chose to travel farther than females, in the university environments considered (Fig. 2) . Male gender accounted for the highest percentage of long-distance trips (11-16 min and more than 20 min). This may be the more reason why a majority of the male gender would have preferred the choice of bicycling within the campus.
Relationship between gender and frequency of trip
No significant relationship can be drawn from assessing the relationship between gender and frequency of trips. According to Busari et al. [25] , trips for lectures is usually categorized as a compulsory trip. In most universities, a certain percentage has been allocated to attendance, and so embarking on such trip cannot be wrought; however, based on the research, most females did embark on more recreational trips than the female in the three universities considered. The aggregate of both work trips and recreational trips made the overall number of trips taken by the female gender higher that the male (Fig. 3 ). 
Pearson's correlation of the variables
Our results showed that distance, time, travel cost, comfort, and accessibility have a positive influence on the volume of trips. As one variable decreases, the frequency of trips increases. In the analysis, the Pearson's r value of distance was 0.844 and time was 0.77. This showed a strong correlation, as compared to the other variables. Factors that influence a respondent's choice when selecting a preferred mode of transportation for a trip was based on gender (based on Pearson's correlation). The correlation is significant at the 0.01 level (2-tailed). From our study, it can be concluded that all the factors (travel cost, comfort, accessibility, and reliability) have a positive effect on the selection of the preferred mode of transportation, based on the respondent's gender.
CONCLUSION
Our research assessed the commuting patterns within three university environments in Southwestern Nigeria. The spatio-temporal commuting patterns considering gender differences was our focus of research. We assessed the frequency of trips, the relationship between trip distance and gender, and the transportation mode split of the survey respondents. We also assessed the Pearson's Correlation of the variables. In the analysis, the Pearson's r value of distance was 0.844 and trip time was 0.77. This showed a strong correlation, as compared to the other variables. From the results of this research, it can be concluded that:
• Based on gender, the factors influencing transportation mode choice are availability, distance, travel time, frequency, travel cost, comfort, accessibility and reliability; and they all have a positive influence on the transportation mode choice decision.
• Comfort, accessibility, distance, and frequency have a positive effect on the respondent's choice of transportation mode; while reliability had an adverse effect on the modal choice.
• Availability influences the transportation modal choice decision positively; whereas distance, frequency, comfort, accessibility, and reliability influence the modal choice decision negatively.
Our recommendation is that bicycle and walking facilities should be incorporated in the transportation infrastructure of universities. 
